The perfect white smiles shown in the media have had an undeniable effect on the demand for esthetic procedures in dentistry. 1 Dentists have adopted procedures from the less invasive products, such as use of whitening products, to tooth preparations for metal-free crowns and fixed prosthodontics. Meanwhile manufacturers of oral care products have developed new tooth whitening approaches and general improvements. 2, 3 The improvements in smile esthetics provided by professional bleaching systems have stimulated the marketing of self-applied whitening treatments that can be harmful. 4 Whitening dentifrices formulated by incorporating abrasive, chemical, and optical agents have become popular but can have adverse effects on the surfaces of restorative materials.
allows it to be used for implants and abutments, copings, 8 brackets, [9] [10] [11] [12] [13] and anatomic-contour crowns (monolithic zirconia). 14, 15 It is the best material to use to resist high stress on posterior metal-free prostheses. 10 However, Y-TZP is susceptible to unwanted crystalline phase transformation that could be triggered by external factors such as mechanical stress, aging, and chemistry. [16] [17] [18] [19] [20] As a result of this transformation, zirconia surfaces may show grain loss, increased roughness, and decreased hardness and resistance. [21] [22] [23] [24] Superficial roughness plays a significant role in biofilm formation 25 because irregularities can shelter microorganisms and protect them from salivary flow, mastication, swallowing, and oral hygiene, 26, 27 thus favoring microbial colonization and possibly failure of the material. The critical roughness threshold for biofilm formation has been reported to be 0.2 mm. 28 Because surface roughness on the order of 0.3 mm can be detected by the tip of the patient's tongue, a smoother surface provides comfort for the patient. 29 Despite the importance of toothbrushing for the maintenance of oral health, 30 it can lead to mechanical and chemical stress in the restorative materials, especially composite resins. [31] [32] [33] Although this has the least influence on ceramic surfaces, [34] [35] [36] the instability of Y-TZP due to its phase transformation highlights the necessity of evaluating the effects of toothbrushing on this material.
The purpose of this study was to evaluate the roughness, superficial topography, and crystalline phases of Y-TZP, simulating 10 years of brushing using whitening and conventional fluoride toothpastes. The null hypothesis was that 10 years of brushing with whitening and conventional fluoride toothpaste does not change the properties of Y-TZP zirconia.
MATERIAL AND METHODS
After a pilot study, and considering specimen calculation to obtain a statistical test power equal to 0.80, 72 barshaped specimens (25×5×1.5 mm) were cut from presintered blocks of Y-TZP zirconia (Lava Frame Zirconia; 3M ESPE AG). A low-speed diamond disk (Series 15LC Diamond; Buehler) in a high precision sectioning saw (Isomet 1000; Buehler) was used under water cooling. 35 The bars were polished with abrasive papers (45 mm and 15 mm Ultra-Prep; Buehler) and diamond suspensions (15 mm, MetaDi Supreme Polycrystalline Diamond Suspension; Buehler).
The bars were sintered in a furnace (Lava Furnace 200; 3M ESPE AG) for 8 hours at 1500 C, according to the manufacturer's instructions. Final dimensions, considering approximately 20% volumetric shrinkage, were 20×4×1.2 mm. The specimens were divided into 4 groups (n=18): storage in distilled water (SW, control), brushing with distilled water (BW), brushing with dentifrice (BD), and brushing with whitening dentifrice (BWD), as listed in Table 1 .
The specimens were brushed using a linear brushing machine (Mavtec Comércio e Serviços) equipped with soft bristle toothbrush heads (#35, Oral-B Indicator; Procter & Gamble Brazil S/A) using distilled water (BW), conventional fluoride dentifrice slurry (BD), or whitening dentifrice slurry (BWD). The machine was set to brush at a rate of 60 reciprocal strokes per minute, with a vertical load of 0.98 N 32,37 for 244 hours. 27 Slurries of dentifrice were prepared by mixing 2 parts of distilled water (mL) and 1 part of dentifrice (g) 38 in a magnetic mixer for 10 minutes. Brushes and slurries were replaced after 44 160 cycles. 27 The SW (control) specimens remained submersed in distilled water for 244 hours.
The pH of the slurries was measured at baseline and after 24 hours using a calibrated digital potentiometer (Q400AS; Quimis), only once for each of the 2 slurries, at a dilution of 5 g of dentifrice suspended in 10 mL of distilled water.
Mean roughness (Ra) was analyzed with an accuracy of 0.01 mm at baseline and after treatment using a profilometer (Mitutoyo SJ 400; Mitutoyo Corp) at the 3 following locations: length of 2.5 mm, active tip radius of 5 mm, and speed of 0.5 mm/s. 
Clinical Implications
The search for white teeth drives the use of whitening dentifrices associated with the use of more esthetic restorative materials such as ceramics. Clinically, the effect of the abrasiveness and chemical composition of this kind of dentifrice on the surface of Y-TZP zirconia exposed to the oral environment is unknown. Surfaces with fewer irregularities have less plaque accumulation.
Posttreatment images for all groups were obtained using a scanning electron microscope (JSM 6610LV; JEOL) with magnifications of ×500, ×1000, and ×3000. Crystalline phase analysis was executed using an x-ray diffractometer (D8-Advance; Bruker Corp) at 2q range between 20 and 80 degrees with step size of 0.02 degree in continuous mode of 1.8 degrees/min. The relative amounts of crystalline structures (monoclinic, tetragonal, and cubic phases) were determined with x-ray powder diffraction data using the Rietveld method. 39, 40 Baseline and posttreatment Ra were analyzed using 1-way ANOVA followed by the Tukey HSD multiple comparison test to evaluate differences among the testing groups; the paired t test (all a=.05) was used for comparison within the same group, both before and after treatment.
RESULTS
Mean Ra values are listed in Table 2 . At baseline, all groups showed similar Ra values (P=.108), indicating standardization of the specimens. Differences were observed between groups after the simulated brushing (P<.001). When the initial and final values were compared, an increase in the values for group BD (P=.019) and a decrease for group BWD (P<.001) were observed.
SEM micrographs of the SW and BW (Fig. 1A, B ) surfaces revealed scratches caused by polishing procedures and grains with similar sizes; there was an increase in the number of pores in the BW surface (Fig. 1B) . The surface of the BD group displayed a detachment of surface sheets (Fig. 1C) . In contrast, the surface brushed with the whitening dentifrice was smoother (Fig. 1D ) but showed increased porous radii.
The x-ray powder diffraction is shown in Figure 2 . Similar crystallographic results among groups were observed; no significant differences were found regarding the quantitative phase analyses (Table 3 ) obtained using the Rietveld 39, 40 method. The pH values of the slurry were 8.78 for BD and 7.67 for BWD.
DISCUSSION
Brushing effects on the surface properties of dental materials are usually evaluated using simulated toothbrushing abrasion tests. This is considered an established model in the literature 33 and is a parameter for measuring smoothness, color stability, and loss of gloss, even without the ability to simulate specific proteins and ions of saliva, which may diminish the roughening effect during toothbrushing. 35 Little information is available about the effect of toothbrushing and dentifrices on the surface properties of current dental materials, including ceramics. 35 Presumably, this is due to the higher wear resistance and higher hardness of these materials. However, the effect of toothbrushing on Y-TZP should be investigated because it is susceptible to the low temperature degradation that occurs in moist environments. 7, 21, 23 Cracking or chipping of ceramic veneers, overdentures with zirconia abutments, telescopic partial fixed dental prostheses with zirconia copings, 8 in addition to microleakage caused by the dissolution of conventional cements, may expose zirconia to direct contact with a moist environment.
Even with the higher hardness that contributes to increased wear resistance, the results found in this study showed that all zirconia specimens brushed with dentifrice (BD and BWD) changed in terms of roughness and superficial topography. This led to the rejection of the null hypothesis.
The Ra values obtained from the specimens used in this study agree with the values obtained in other studies in which the Ra values ranged from 0.18 to 0.98 mm. 15, 25, 37 No significant changes were found after immersion (control, SW group) and brushing with water (BW group). However, Ra values increased after brushing with conventional dentifrice (BD group), and there was a polishing effect on surfaces that were brushed with whitening dentifrice (BWD group). Even the roughest surfaces (BD group) were clinically acceptable in that they were within the Ra range from 0.25 mm to 0.5 mm, which is undetectable by the tongue. 29 Different results, such as unchanged roughness after brushing with conventional dentifrice and roughened ceramic surfaces after brushing with whitening dentifrice, have been published previously. 36, 37 However, comparisons among studies are limited because of the different standards of polishing and smoothness of the surfaces before brushing 37 and because of the design of the brushing tests, for example, the number of cycles and the force used. 36 The many variables related to the brushing abrasion test, such as brush type, applied force and frequency, abrasion, and chemical composition of the dentifrice are cited as the main factors 35 that can change the surfaces of enamel and different restorative materials. Initially, the findings of this study could be explained by the different radioactive dentin abrasion (RDA) values of the dentifrices. However, increased RDA values do not necessarily result in increased roughness, and vice versa. 3 Thus, the abrasive type, the chemical reaction between detergents and abrasives, the pH, and the rheologic properties of the final slurry can change surfaces in different ways.
3,30
The abrasiveness of the slurry formed by the dentifrice during brushing is influenced by the physical characteristics of the abrasive particles, namely shape, size, acuteness, hardness, and ductility. 31 Many different techniques have been reported 2, 3 for analyzing toothpaste abrasiveness and its effects on brushed surfaces. However, the method most frequently applied and discussed in scientific papers is the RDA method, which uses the limit of 250 as the maximum value. 3 Although the RDA of the whitening dentifrice used in this study had not yet been reported, its RDA can be 2 to 3 times greater than that of conventional dentifrices. 3 Whitening toothpastes typically contain higher amounts of abrasives and detergents than conventional ones.
1 Thus, the lower Ra values found for the BWD specimens after brushing can also be explained by the presence of hydrated silica and mica, which are not part Intensity (AU) Figure 2 . X-ray powder diffraction patterns of experimental groups (SW, storage in distilled water; BW, brushing with distilled water; BD, brushing with dentrifice; BWD, brushing with whitening dentrifice). SW, storage in distilled water; BW, brushing with distilled water; BD, brushing with dentrifice; BWD, brushing with whitening dentrifice.
of conventional dentifrices. Mica is a mild abrasive that is included in some dentifrices to assist with polishing the teeth. Because of the high hardness of the material studied, these components, together with the detergents present in the whitening dentifrice, smoothed the surfaces of the specimens (Fig. 1D) .
Another explanation for the findings of this study is probably related to the influence of pH variations and the concentration of fluoride on the zirconia's susceptibility to degradation. 18, 19 While a neutral pH does not change the microstructural appearance of zirconia surfaces, alkaline and acid pHs may corrode the surface of the material. 19 Thus, the increased Ra of BD specimens (Table 2 ), in addition to the micrographs that showed more pronounced scratches and the detachment of surface sheets with rough and sharp grains (Fig. 1C) , could be explained by a possible loss of ions due to the alkaline pH of the slurry of the BD group (pH=8.74). This is in contrast to the neutral pH (7.67) of the BWD group, which showed smooth surfaces.
Regarding the crystalline phases after toothbrushing, no change was observed (Table 3) , and a percentage by mass of the monoclinic, tetragonal, and cubic phases was similar among all groups. Significant t/m phase transformation, due to the loss of chemical metastability, can occur when zirconia is subjected to fluoride environments more acid than those of the slurries used in this study. 18 The knowledge that brushing Y-TZP zirconia with a whitening dentifrice does not severely compromise the roughness, microstructure, or crystalline phases will reassure the dentist about the use of this prophylactic agent. However, further clinical investigations using saliva, monolithic, and even aged Y-TZP are indicated to better understand the effects of toothbrushing on these materials.
CONCLUSIONS
Brushing Y-TZP with conventional dentifrice increased roughness, while brushing with whitening dentifrice reduced roughness. Neither dentifrice changed the crystallographic phases of Y-TZP after 10 years of simulated brushing.
